The influence of the ratio of plasticiser Tofinol to softener PN-6 on the properties of tread rubber. 
Translated by P. Curtis
In Part 1 [1] , the strong influence of the amount of plasticiser Tofinol introduced into the tread rubber mix on its processing and vulcanisation properties was shown. It was of interest to clarify the effect of Tofinol on the physicomechanical and dynamic properties of tread rubber.
Above all, it was important to assess the effect of Tofinol on those physicomechanical properties that are directly related to the magnitude of intermolecular interaction in the rubber component of the tread rubber compound. Figure 1 shows the dependences of the rebound resilience (E) and the coefficient of cold resistance under elongation at -45°C (K c ) on the ratio of Tofinol to PN-6 in the composition of the tread rubber. A practically direct proportional relationship between E and K c and also the quantity of plasticiser introduced is observed, which clearly indicates a gradual reduction in intermolecular interaction when up to 20 parts Tofinol is introduced. This also confirms the gradual reduction in hardness of vulcanisates with increase in the Tofinol dose ( Figure 2) . Lowering of the level of intermolecular interaction also leads to a reduction in heat generation under repeated compression (Figure 2) , which was determined on a Goodrich flexometer at 23°C.
Reduction in intermolecular interaction is clearly related to lowering of the level of internal friction in the rubber component of the tread rubber, which ultimately leads to an increase in its dynamic strength (Figure 3) . The complete replacement of PN-6 oil with plasticiser Tofinol leads to an increase in the number of cycles of elongation to failure (N) of the tread rubber from 500 000 to 900 000. Tests were conducted on a machine for repeated elongation at e = 100% and a temperature of 23°C. The same (almost twofold) increase in the number of cycles is required for crack growth to a length of 12 mm (Z) if all the PN-6 oil is replaced with Tofinol. The crack length was determined according to the GOST 9983-74 standard.
The influence of the Tofinol:PN-6 ratio on the nominal tensile strength (f t ) and tear strength (f z ) of tread rubbers is shown in Figure 4 . A gradual switch in the formulation from softener PN-6 to Tofinol has very little influence on reduction in f t . At the same time, the tear strength f z passes through a maximum, changing by 20%, and here the maximum lies in the region of slightly lower than medium Tofinol doses. Such behaviour of f z as a function of the Tofinol dose indicates an ambiguous effect of the plasticiser on this property. We came to the same conclusion when discussing a number of processing properties of rubber mixes: cohesive strength, Mooney viscosity, and elastic recovery [1] .
The nominal stress under 300% elongation (f 300 ) and also the abrasion of tread rubbers (A) change in a similar way. Both properties have an extremal relationship, with a maximum and minimum at a medium Tofinol dose. The reduction in abrasion in the region of the minimum amounts to roughly 8% in relation to tread rubber containing only PN-6 oil. The increase in f 300 with a Tofinol:PN-6 ratio of 10:10 is also significant and reaches 14%. To this increase there corresponds the minimum value of the elongation at break. Both these facts confirm the assumptions made earlier that, in the region of medium Tofinol and PN-6 doses, there is a change in the nature of their action in the rubber mix. Figure 5 shows the dependence of the mechanical loss tangent tg d on change in the Tofinol/PN-6 ratio. As is the case for other mechanical properties, for the values of tg d there is an extremum. The curve passes through a minimum. This also confirms the assumption that the nature of action of the Tofinol and PN-6 mixture in the rubber changes when they are present in equal amounts.
